I update the predicted leading order and next-to-leading order cross sections and total widths for W ′ bosons that decay to top and bottom quarks at 14 TeV and 33 TeV pp colliders (pp → W ′ → tb). Separate tables are included for right-and left-handed bosons. Theoretical uncertainties are completely dominated by parton distribution function uncertainties, and are computed for W ′ ± production at a 14 TeV pp collider.
New charged vector currents, generically called W ′ bosons, appear in many models with extended gauge explanations of electroweak symmetry breaking. As long as these new bosons couple to fermions, a model-independent search can probe the parameter space of all such models by looking for the decay of the W ′ boson into a final state involving a top quark and bottom quark [1] . While the general case of mixed right-and left-handed couplings can be probed, nearly all models assume a term enters the Lagrangian of the form
where g ′ plays the role of g SM from the Standard Model (SM), and V ′ ij is a generalized Cabibbo-Kobayashi-Maskawa (CKM) matrix that also allows for lepton generation mixing.
Searches for W ′ bosons decaying to a top and bottom quark final state [1] have been performed since Run I of the Fermilab Tevatron [2] . The now standard analysis involves searching for a lνbj invariant mass peak, where each object is isolated, and applies loose W and top-mass constraints to reduce backgrounds [1] . Last year we updated the standard analysis to optimize the search for the 7 TeV and 8 TeV runs of the Large Hadron Collider [3] . The ATLAS [4] and CMS [5] Collaborations used the cross sections of Ref. [3] to publish strong lower bounds on the mass of a W [6] . The conclusions of that study showed the mass reach with SM-like couplings should be ∼ 5-5.5 TeV, or about 1/3 of the collider energy. This limit is directly attributable to the loss of quark-antiquark luminosity in a pp collider at large-x proton momentum fraction. More important, Ref. [6] presented the model-independent reach in the coupling ratio g ′ /g SM versus W
′ mass, and compared it to a few classes of models. One of the key results of Ref. [1] was that all models with narrow-width W ′ bosons fall somewhere in this space. Hence, all experimental measurements should produce limits, or a discovery, as a function of g ′ /g SM versus M W ′ . Just prior to the final meeting of the Community Summer Study, in Ref. [7] we proposed a new analysis that expands the reach in the tb final state by searching for a "boosted-top" tag, where the W j decay products of the top quark decay can not be isolated. In addition, we introduced a new "boosted-bottom" tag to identify bottom jets in the TeV range in order to overcome dijet backgrounds. This new search is optimized for TeV dijets with one boosted-top and one boosted-bottom tag. Using this search method it should be possible to extend the existing mass reach for W ′ bosons with SM-like couplings to about 2600 GeV, and the model-independent reach in coupling ratio g ′ /g SM by nearly a factor of two if M W ′ > 1500 GeV with existing 8 TeV LHC data. This analysis should be done for the upcoming 14 TeV run of the LHC as well.
This white paper summarizes the leading order (LO) and next-to-leading order (NLO) cross sections and widths for pp → W ′ → tb production for the upcoming 14 TeV run of the Large Hadron Collider, and the proposed 33 TeV run examined by the Community Summer Study (CSS). Detailed study of the kinematics has shown that in both the standard [3] and boosted [7] analyses, the NLO correction can be treated as a K-factor times LO. Hence, the tables below list both LO and NLO results for a wide range of possible W ′ masses. All cross sections are calculated using the code from Ref. [1] , updated for modern parton distribution function (PDF) sets and CKM matrix values. Leading order cross sections are calculated with CTEQ6L1 parton distribution functions (PDFs) [8] , while NLO cross sections use CT10 [9] PDFs. The top-quark mass is taken to be 173.2 ± 1 GeV [10] , and α s = 0.118 ± 0.001. Uncertainties due to the top-quark mass and α s are negligible (< 1%) for the W ′ masses shown. Estimates of the NLO theoretical uncertainty due to choice of scale is also comparatively small (1-2%) in all cases. Hence, the central values of the predictions are shown to three decimal places. Using the standard CTEQ Modified Tolerance Method for error determination (first published for this cross section [1] ) and CT10, the current PDF uncertainty ranges from 10-30% depending on the W ′ mass, and whether it is right-or left-handed. These uncertainties should come down with improved fitting of large-x PDFs using LHC data.
Cross Tables III and IV , respectively. LO and NLO total widths for the W ′ bosons are also provided in all tables for use in simulation studies.
Many models that attempt to explain electroweak symmetry breaking predict the existence of W ′ bosons. This white paper provides the LO and NLO cross sections and total widths necessary to determine the model-independent reach at 14 TeV and 33 TeV pp colliders. Since resonant production is expected up to ∼ 1/3 of the collider energy, a 33 TeV pp collider should be able to observe or exclude most perturbative models with W ′ bosons with masses below 10 TeV. 
TeV, where the decay to leptons is allowed, but no interference is included. 
